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Abstract—Novice students encountered many difficulties and
challenges when learning to program. They face problems in
terms of high cognitive load in learning and lack of prior
programming knowledge. Various strategies and approaches are
implemented to overcome the difficulties and challenges in
programming. A flipped classroom is an active learning strategy
implemented in many subjects and courses, including
programming. The flipped classroom strategy consists of three
phases, namely, pre-class, in-class, and post-class. A focus group
discussion is conducted involving 13 participants from various
learning institutions. The purpose of the study is to discuss the
implementation of flipped classroom strategy in programming.
The study also identifies a technique for monitoring students'
involvement in activities outside the classroom and proper
motivation to engage students in programming. Related research
questions are constructed as guidelines for the discussion. The
deductive thematic analysis is performed on the transcripts of the
discussion. As a result, four pre-determine codes and two codes
were generated from the analysis. This study identifies suitable
activities, tools, monitoring strategies, and motivation to support
the implementation of a flipped classroom in programming.
There is good potential through flipped classrooms in learning

programming with a systematic and careful planned
implementation.
Keywords—Flipped classroom; learning programming;

cognitive load; active learning; focus group discussion

I.  INTRODUCTION

Programming is a complex subject that requires high
concentration and focuses from the students. The process of
learning programming requires a tremendous amount of
exposure to understand the logic in each programming solution
using the basic concepts despite the overwhelming syntax it
might carry [1][2]. Novice students in learning the subject face
difficulties and challenges. Challenges and difficulties are
identified through studies in programming [3]-[7]. Among the
challenges in programming are high cognitive workload [1][8],
inappropriate learning strategies, time constraints, and lack of
preparation before entering the classroom [2][9]. Novice
students with limited knowledge need a strategy or method to
help them in programming [10][11]. Active participation of the
students in the learning process is one of the essential aspects
of learning programming [12][13]. The difficulties experienced
by students in learning can be attributed to the passive role
played by them during traditional lectures [14].

Among the new strategies used in programming is flipped
classroom (FC), where lecturers employ this strategy in the

learning session to enhance and improve the student learning
experience [14]-[16]. The main advantages of FC are
providing students with prior knowledge and preparing them
before class; give extra learning time; experience active and
collaborative learning in class, and strengthening the
understanding of new knowledge and skills after class [17]-
[19]. There are three phases of the learning process in the FC,
namely pre-class, in-class, and post-class. Pre-class activities
focus on theory, initial information, and preparation before
entering the classroom. In-class sessions emphasize active
learning activities for developing new knowledge and skills.
Active learning requires students to engage in meaningful
learning activities in class [20]. At the same time, post-class
activities focus on strengthening knowledge and skills.
Programming involves various cognitive activities and
structures of multiple skills to learn [21]. FC can create a new
learning environment with a practical session and enhance
students' learning experience [22]. FC also enhances student
satisfaction and their level of engagement in learning [23].
Besides, the implementation of FC also positively impacts
students’ self-efficacy and intrinsic motivation [24]. In a
traditional classroom, educators allocate ample time to convey
information to students to read and learn the information by
themselves.

On the other hand, FC promotes pre-class activity whereby
some knowledge is learned before class. This situation will
give sufficient classroom time to lecturers as some of the topics
are covered during the pre-class activity. Thus, lecturers can
utilize the extra classroom time to focus more on impactful
learning activities in programming [25]. The use of FC in
programming strategy is reported to be more effective at the
tertiary institution level than at the school level. Although more
research on FC is increasingly conducted by researchers for
various subjects [26], implementing FC in programming is not
much discussed in the reports [27]. Instructors who want to use
FC in their learning need to understand the implementation
strategies to ensure the method's success and achieve its
objectives [28]. In this regard, there is a need to conduct more
research in FC [23], especially studies that describe the
implementation of FC in programming.

Il. METHODOLOGY

Researchers have utilized a focus group discussion (FGD)
technique to obtain qualitative data, which involved
discussions in small groups [29]. FGD is a suitable technique
for generating new ideas compared to individual interviews
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because the participants can brainstorm ideas during the
ongoing discussion [30]. Besides, the FGD method is an
excellent option to understand the views and opinions of others
regarding the discussed subject [31]. Further, FGD is a flexible
method that can be performed in a variety of conditions. There
are seven steps of FGD involved in this study, as listed in
Fig. 1.

Formulation of research questions

¥
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-

Generation and pretesting of interview
guide
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-
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-

Analysis and intrerpretation of data
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Fig. 1. Steps in Conducting a Focus Group Discussion Study. Adapted from
[32], “Focus Groups Theory and Practice,” p. 50.

A. Research Questions

A good research question (RQ) will guide the
implementation of the study to be smoother and more efficient.
Four research questions are posed in this study as follows:

RQ 1. What are the appropriate activities to implement FC
strategy in programming?

RQ 2. What are the suitable tools that can support FC strategy
in programming?

RQ 3. How to monitor students’ participation in FC activities
outside the classroom?

RQ 4. How to motivate students in learning programming?

B. Participants

The implementation of FGD requires two critical elements;
the recruitment of participants and the design of the interview
guide [32]. Research questions in the study are used as the
design of the interview guide. Next, the researchers conducted
a pilot test involving five participants. The purpose of the pilot
test is to identify the weaknesses and provide improvements to
the actual FGD. According to [33], the appropriate number of
FGD is about six to twelve participants. The optimal time for
each session is between one to two hours. Participants in the
FGD are 13 senior lecturers who have been experienced in
teaching programming at institutions of higher learning in
Malaysia for about 12 to 32 years. According to [34], teachers
with five to seven years of teaching experience can be
considered expert teachers. FGD is conducted online by using
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Zoom application. Participants were split into two groups to
facilitate the online discussion effectively. The first group
discussion was attended by six participants, and the second
group was accompanied by seven participants.

C. Transcribing and Member Checking

The recording of the discussion is transcribed in a clean
verbatim manner. Participants checked the transcript for the
member checking process. Submission of the transcripts to the
respective participants improves the accuracy of the data [35].
Furthermore, the checking process permits the participants to
confirm or deny the interpretation made by the researchers on
the views and suggestions of the participants during the
discussion [36].

D. Coding and Analysis

Code is the smallest unit of analysis with exciting features
about the data considered relevant to the research question. The
data contained in the transcript is in the form of excerpts
generated from the discussion. There are four predefined codes
at the initial stage of the analysis process: Activity, Tools,
Monitoring, and Motivation code. Two additional codes are
produced when the analysis process is carried out, namely
Learning Strategy and Evaluation. In total, there are 232
passages produced from the transcripts. Learning Strategy code
has 91 passages which is the code that has the highest
passages.

Meanwhile, the Activity code consists of 53 passages, and
the Tools code consists of 36 passages. The Motivation code
consists of 31 passages, while the Monitoring consists of 15
passages. Lastly, the Evaluation code consists of 6 passages.
Thematic analysts are used to analyzing these coded passages.
Thematic analysis analyses and translates qualitative data to
form a specific theme [37].

I1l. FINDINGS

A. Activities to Implement FC Strategy in Programming

In general, the findings in this section are made through
passages grouped under the Learning Strategies, Activity and
Motivation codes. As mentioned, FC comprises three phases,
namely pre-class, in-class, and post-class. The learning
activities involved can be regarded as the same or slightly
different for each of these phases. However, students may
encounter issues when learning to program in FC strategy. The
problems are caused by students' failure to understand FC
requirements. Hence, during the first face-to-face class meeting
with the students, a sufficient explanation regarding the
implementation of FC in learning should be given to the
students. Students are informed about the three essential phases
involved in FC: pre-class, in-class, and post-class. In the early
stages of the course, students must participate in the learning
session and eliminate their anxiety about programming.
Lecturers can share exciting videos about programming with
students in the class as a first insight for them. “The first topic
is crucial to attracting students to programming. If students
think that the first topic is difficult, most probably, students
will have problems engaging with other topics. Students should
not be addressed with difficult questions, but instead, the
lecturer may opt for intermediate questions when asking
questions to the respective students.”
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Ensuring students’ participation in learning activities
outside the classroom is the biggest challenge the educators
face when implementing FC strategy [38]-[42]. A participant
suggested that allocation of marks should be given to students
who are actively involved in the pre-class and post-class
activities. According to the participant, extra marks will
motivate students to engage in activities outside the classroom
actively. Thus, lecturers should consider allocating marks for
students who show good involvement during the pre-class and
post-class activities. This initiative will attract students’ interest
and boost their motivation in the learning process. "From my
experience all this while, students will only do extra
assignments outside class if there are only marks given for
those assignments. | believe some extra marks will motivate
them well."

Although students may view videos about programming
online, lecturers need to guide their students on which video
they should watch. A meaningful learning environment should
be created as much as possible in learning activities. For
example, the teacher should design the questions and problems
based on students' daily life experiences, such as using ATMs
and vending machines or developing a smartphone
application’s software. Most students have anxiety based on
the information they have obtained about the difficulties of
programming. “Lecturers need to create a meaningful learning
environment for students. These novice students may have zero
knowledge of programming. Most of them are worried about
programming.”

Programming is known as one of the subjects that has a
high percentage of failures among students. The learning
activities in programming should gradually develop students’
skills from easy to challenging levels. The aim for each activity
will focus only on one new skill so that students will not
experience a high cognitive load. In the early stages of
learning, students are exposed to videos from various sources
to inform them about the importance of programming and its
application in daily life. The video viewing activities can also
be assigned to students as pre-class activities. Next, as in the
class session, students are divided into several groups, and they
are asked to discuss the videos they have watched and present
the results of their discussions in class.

Lecturers can prepare several sets of questions for the
students to discuss in their groups. Every two groups will
receive a similar question for discussion. Then, each group
should present the results of the meeting to all. Through this
method, two different solutions can be generated from the
same question. Based on this, students will be able to perceive
that a problem that occurs in programming has various
solutions. Post-class activities focus on exercises and tasks to
strengthen students’ new knowledge and skills. As a guide, the
lecturer may provide students with examples of complete
solutions to the assigned questions. Next, students will receive
questions that are similar to the given example as post-class
activity. Students can refer to the provided examples as a guide
to answer the questions. These activities can be assigned as
individual or group assignments. Thus, students will not feel
burdened to carry out post-class activities through this method,
especially for challenging problems.
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B. Suitable Tools to Support FC in Programming

The findings in the section are based on passages grouped
under the Tools and Motivation codes. In supporting a learning
process, lecturers can incorporate myriad choices of tools and
supporting materials. Hence, to implement the FC strategy in
the learning session, lecturers must prepare and choose suitable
tools and learning materials for the class, especially for the pre-
class and post-class activities, as the lecturer’s supervision is
absent. Video is the most widely used material in FC at the pre-
class level [39]. The videos can be self-produced by lecturers
or taken from various sources on the internet, such as
YouTube. The optimum period for video viewing is between
five to ten minutes [39] [43]. An appropriate video screening
period will ensure that students are not burdened with such
activity. Lecturers may assign quizzes or short questions to
students while watching the video or after finishing the video.
The task will ensure that students will pay attention to the
details in the video as they need to answer the quiz or short
questions. Besides that, lecturers can provide the students with
a worksheet to record the pre-class and post-class activities.
These worksheets can also be used to assess students’
involvement in activities and class discussions. The worksheets
are applicable in a lab, so students can use them to mark errors
they have encountered while running a program.

Apart from providing students with questions, lecturers can
ask students to look and solve the problems by themselves. The
problem-solving tasks can be regarded as project work. For
example, students are asked to identify the business needs of
specific companies through the company’s advertising
catalogue. Students must identify the problem and suggest a
solution using programming. In the early stages, lecturers can
help students by providing ideas and input. Once students
already have solid knowledge, they are encouraged to figure
out their solutions without the intervention of the lecturer. The
use of infographic notes should be given priority on technical
topics in programming. The infographic form notes are easier
to understand than text notes, especially in specialized topics
such as control structures, arrays and method. "After the
introduction topic, | think infographic notes are more suitable
to be used because it will be easier for students to see the
whole process in programming through infographics as
compared to usual text-based notes."

C. Monitoring Students’ Participation in FC

The discussion of the findings in this section is based on the
passages grouped under the Monitoring and Evaluation codes.
Class management is a critical aspect of a physical classroom,
while learning materials are essential online [44]. The biggest
challenge in FC is to ensure that student engagement in
activities outside the classroom [38][45]. The outside
classroom’s activities will occur without supervision from
lecturers. In this situation, lecturers can measure students'
involvement in the pre-class activities by judging students'
responses in the class. Usually, students who have prepared
before class will be more ready and able to answer questions
while in-class compared to students who don’t prepare. At the
beginning of class, lecturers can ask some questions that are
related to the pre-class activity. Students who have not
completed their pre-class activities will be unable to answer the
question. Monitoring students' involvement in activities is also
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more accessible through a LMS platform such as Moodle. Log-
in records into the LMS can be regarded as proof of students’
participation outside of the classroom. A short quiz can be
embedded in the video to ensure students will watch the entire
video without skipping. In this way, students are required to
watch the whole video to answer the quiz.

Besides, monitoring also can be done by students
themselves in group activities. Every group has an appointed
leader, and the leader is responsible for reminding the group
members about the assigned task. Most of the students are
more receptive to reprimands from their peers compared to
lecturers. “From my experience, students have more of a sense
of guilt towards their friends than lecturers. Most of their daily
life is with their friends in the hostel. They would be
embarrassed if they did not participate in the activities with
their group.”

Monitoring students' involvement in pre-class and post-
class activities is vital in the implementation of the FC strategy.
However, participants' opinion that students should be allowed
to do activities outside the classroom at their convenience. In
this regard, lecturers need to determine the appropriate
monitoring method to be applied to the students accordingly.
The most important thing is to make sure students carry out the
activities they should do and complete outside the classroom.

D. Motivating Students in Learning Programming

The discussion of this section's findings is based on the
passages grouped under the Motivation and Evaluation codes.
Motivation is a crucial element in determining success in
learning. Successful students are usually students who are
highly motivated in their learning. Researchers have conducted
various studies that show a connection between motivation and
success in learning programming [5][46][47]. The different
approaches and strategies introduced in the learning increase
student motivation and make programming more exciting and
relevant to real-life situations [48]. There are two types of
motivation: intrinsic motivation from internal factors and
extrinsic motivation from external factors [49]. Most of the
motivational methods that are given to students are extrinsic
forms of motivation. However, the best motivation is the
intrinsic type of motivation, which comes from the students
themselves. However, intrinsic motivation can also be
developed from extrinsic motivation. For example, when
students always achieve high marks in tests or quizzes, their
interest in programming will subsequently increase, and this is
where intrinsic motivation will indirectly appear. A study by
[41], found that at the early stages of the implementation of FC
in learning, students are more motivated to do assignments or
quizzes as activities outside the classroom. These two activities
are considered as extrinsic motivation for students. Gradually,
intrinsic motivation will be formed when students are
motivated to engage with any FC’s activities outside the
classroom. The success of new approaches in learning will
occur if students are instilled with more intrinsic motivation.
Lecturers also need to constantly motivate students about the
importance of programming in student’s daily lives. However,
based on experience, most students will carry out activities
directed by their extrinsic motivation. For example, students
will only complete an assignment when they are informed that
the marks will be awarded for the work. In this regard, it is
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advisable if the allocation of marks is given for outside
classroom activities. “My experience with students so far, if
they knew there would be no marks for an activity, they would
not do it.”

As the most crucial factor in determining the success of
flipped classroom strategies introduced to students, the
motivational element needs attention in learning. Lecturers
need to be creative in finding suitable methods to increase the
motivation of their students.

IV. DISCUSSION

In general, FC is a technology-based strategy in providing
early exposure to students outside the classroom. Students, in
turn, will gain in-depth exposure during the classroom session
[50][51]. Comparison of four learning strategies used in [52]
study has found that FC strategy produced students with best
performance achievement compared to other strategies. There
are various methods of FC strategies that can be implemented
in the learning process. The main goal of the FC strategy is to
provide students with ample learning time and the opportunity
to gain early exposure to the learning content before the class
session [53]. The use of FC strategies does not mean
eliminating the role of the instructor or any form of direct
instruction that occurs in a learning process. Instead, this
strategy maximizes meeting time between instructor and
student with strategic activities that have a higher impact on
learning programming. FC can also meet the individual needs
of different students without having to reduce the material and
filling in the learning [54]. According to [51], students who
received FC exposure are more sensitive to their learning
processes than students exposed to the traditional strategy.
Several essential elements need to be presented in the FC
implementation model for programming. The main elements
are strategic planning of activities according to the FC phases,
preparation of appropriate tools for learning activities, and an
effective monitoring strategy for outside classroom activities.
Student motivation is a key element in determining the success
of the FC strategy used. Therefore, lecturers need to provide
motivation to attract students to programming. Intrinsic
motivation is best, although it is quite difficult to establish in
the student. However, extrinsic motivation can turn into
intrinsic motivation gradually as students begin to take an
interest in programming. A flipped classroom model in
programming is illustrated in Fig. 2.

MOTIVATION
=
S o PRE-CLASS IN-CLASS POST-CLASS
2 e » »
= =
& E UNDERSTAND / KNOWLEDGE / STRENGTHENING
5 - o REMEMBER SKILLS
o
L C]
E g ‘ ACTIVITIES |
g o
= ‘ TOOLS |
‘ MONITORING |

Fig. 2. A Flipped Classroom Model in Programming.
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V. CONCLUSION

There are myriad advantages gained through the
implementation of FC in learning programming. Among the
benefits are that students will be well prepared before entering
the classroom as they must conduct a pre-class activity. This
condition will aid the learning process in the classroom to be
more efficient because students are equipped with basic
knowledge. An extra-time earned can be used to conduct
strategic active and collaborative learning in the classroom.
The main goal of FC is to create a student-centred active
learning environment. The lecturer only serves as a moderator
who monitors the learning activities in the classroom. Post-
class activities will focus on strengthening new knowledge that
has been learned in class. However, the implementation of this
FC strategy needs to be planned carefully and strategically to
get the full advantage of this strategy.
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